Full citation of Ref. 32 
. S15-S37

Details of the computational methods
The density functional theory (DFT) calculations were performed at the unrestricted BP86 S1,S2 level, implemented in the Gaussian 09 program package S3 using the def2-TZVP S4 basis sets. A convergence criterion of 10 -8
Hartree on total energy was adopted for all the self-consistent field calculations. Vibrational frequency analyses were performed at each stationary point during the geometry optimizations, and the geometries were allowed to relax through vibrational modes with imaginary frequencies until no further imaginary frequencies were found. For each optimized anion, the first vertical detachment energy (VDE) was calculated as the energy difference between the ground state of the anion and the neutral whose geometry is the same as the anion. The vertical excitation energies of the neutral were further calculated by means of the time-dependent DFT method, and added to the first VDE to obtain the higher VDEs, where only one-electron transitions were considered. Zero-point energy corrections were neglected because they were small (only brought at most ~0.1 eV differences to the relative energies).
It is important to correctly evaluate the energy orderings of different spin states of MnnBzn -clusters, as a recent study S5 has pointed out that the current DFT methods for transition metal-based organometallic systems have a specific problem that the spin multiplicity of a global-minimum structure depends on the functional employed. In this study, Mn1Bz1 -/0 were optimized using various functionals to calculate the ADE/VDE values of Mn1Bz1 -, and the BP86 was adopted on the basis of the reasonable agreements with the experimental values (see Tables S1 and S2 on page 11).
One could argue that DFT-GGA method often underestimates the on-site correlation effect in the 3d transition metal atom. On the other hand, theoretical studies have mentioned the reliability of GGA with regard to the magnetic properties of similar sandwich systems by demonstrating the well agreement between GGA and GGA+U calculations. S6,S7 Taken into account that our BP86 calculations well reproduced experimental results of Mn1Bz1 -/0 , we decided to adopt the BP86 method for all sizes of the clusters, including Mn18Bz18
Mass spectra of (a) MnnBzm Photoelectron spectra of MnnBzn -(n = 1-5) taken with (a) 532 nm (2.33 eV) and (b) 266 nm (4.66 eV) radiation. The calculated VDEs of the plausible structures are indicated below the spectra with vertical bars. Bold-faced labels right to the VDE bars are denoted to identify the structures (see Fig. 3b and c). The 266 nm spectrum of Mn1Bz1 -was measured to ascertain the peak center at ~3.5 eV, which was barely observed in the 355 nm spectrum (Fig. 3a) .
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Fig. S3
Low-lying structures of Mn1Bz1
clusters with their symmetries, electronic states, and relative energies to 1 (enclosed in a frame). Typical bond lengths are indicated in Å. Bonds are visible for C-C, C-H, and Mn-C with distances of < 2.4 Å only to guide the eyes. They do not necessarily represent single bonds. Low-lying isomers of Mn2Bz2 -clusters with their symmetries, electronic states, and relative energies to 2a. The isomers are classified into three types of sandwich structures: namely, coaxial, perpendicular, and alternating sandwiches. Three isomers identified in the photoelectron spectra, including major and minor ones, are shown in frames. The indications are shown in the same manner as Fig. S3 . Note that the 6 A2-state perpendicular sandwich isomer has an imaginary vibrational mode of 30i cm -1 (A2 symmetry).
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Fig. S5
Low-lying isomers of Mn2Bz2 -clusters with their symmetries, electronic states, and relative energies to 3a. Each isomer is classified into either rice-ball (metal core covered by ligands) or alternating sandwich structure. Three isomers identified in the photoelectron spectra, including major and minor ones, are shown in frames. The indications are shown in the same manner as Fig. S3 . Note that the Photoelectron spectra of (a) Mn2Bz2 -and (b) Mn3Bz3 -taken with 532 nm under the condition with using typical (≥ 280 s, upper part) and short (250 s, lower part) pulses for the Bz pulsed valve.
Comparison with Fig. 2 shows that the thermodynamic condition diminishes the kinetically favorable isomers (2a, 2b, 3a, and 3b), while thermodynamic species (2c and 3c, colored in blue) remain in the spectra, presumably due to the difference of the reaction pathways. Note that the relaxation of higherlying 2c to its ground singlet state is unlikely to occur due to the significant structural difference in the Mn-Mn bond length (see Fig. S4 ). 
where E(cluster) represents the cluster's total energy. The cohesive energy of a minor product of the tilted sandwich Mn2Bz2 -(2b) is explicitly indicated with a white square, because the structure determined for Mn2Bz2 -(2a) has a different bonding scheme from the tilted sandwiches (e.g., 3a, 4, and 5). Basis set superposition error (BSSE) corrections were neglected because they were considerably small (e.g., ~0.03 eV for 2b). The lines are provided only for the eyes. Kohn-Sham orbital energy levels of the neutral (D3d, 1 A1g) [18] annulene (C18H18). Occupied and unoccupied orbitals are denoted by solid and dashed lines, respectively. The simple Hückel model was employed for the orbitals colored in red, whose isosurface plots (isosurface value = 0.01) and numbers of nodes k are also shown (see also Fig. 6b and 6d) . Note that the k = 3 and 6 orbitals are not degenerate under the D3d symmetry in our geometry optimization. 
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